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Some Science Motivation – 1 
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•  New generation of climate models 
with explicit cloud microphysics 

•  e.g., NCAR CAM5 (Gettelman et 
al., 2010, JGR, figure to left) 

•  Treatment of ice nucleation has 
large impacts on simulated fields 

(Figure 13a) decreases by up to 10% at midlatitudes mostly
driven by decreases in longwave cloud forcing. In the
NUCALL simulation, temperature‐dependent thresholds for
initiating ice nucleation are removed, allowing homogenous
freezing and heterogeneous nucleation to potentially interact
at all temperatures below −35°C, instead of limiting het-
erogeneous freezing by a temperature and aerosol number
threshold following Liu et al. [2007], equation (10) (dust
only). There is little difference from the ICE case, thus the
parameterizations for heterogeneous and homogenous freez-
ing are mostly governed by their temperature‐dependent
process rates (as desired).
[58] In the ICLDF case, the ice cloud fraction (CFi)

is modified to fit an empirical formula for in‐cloud IWC
(ICIWC) as a function of temperature from Wang and
Sassen [2002], illustrated in Figure 6. If ice mass mixing
ratio (qi) and temperature (T) are prognostic, and ICIWC =
f(T) then a specified ICIWC provides a diagnostic ice cloud
fraction (CFi = qi/ICIWC(T)). The result is a 25%–40%
(relative) reduction in cloud fraction from the ICE case
(Figure 13b). This does not change the net cloud forcing
(Figure 13a), but decreases the magnitude of the longwave

Figure 12. Zonal mean distributions of key cloud ice and liquid properties from cases as discussed in the
text and in Table 2. CNTL: blue, ICE: green, FIXIN: yellow, ICEHI: red. Observations are shown in
black. (a) Net cloud radiative forcing compared to CERES observations. (b) Total cloud cover compared
to CloudSat/CALIPSO. (c) Column cloud drop number compared to AVHRR. (d) Cloud top ice number.
(e) Cloud top liquid effective radius compared to AVHRR and range of “C”lean and “P”olluted in situ
observations described by Gettelman et al. [2008]. (f) Cloud top ice effective radius. (g) Liquid water path
compared to AVHRR. (h) Ice water path. References for observations are described in the text.

Table 3. Global Annual Mean Values From Various Runsa

Simulation CNTL ICE FIXIN ICEHI OBS

CRF (Wm−2) −25.6 −27.5 −26.6 −26.8 −17.2 to −23.8
Cldtot (%) 59 60 60 53 71
CDNUMC (106 cm−2) 2.75 3.04 3.34 3.00 4.01
CTNi (L

−1) 62 22. 91 79.
CTRel (mm) 7.2 7.8 7.8 7.9 10.5
CTRei (mm) 21.1 35.6 19.4 26.3
LWP (g m−2) 46 51 54 48 64 to 155
IWP (g m−2) 10 14 13 11

aShown are total (shortwave + longwave) cloud radiative forcing (CRF)
compared to CERES and ERBE observations. Total cloud fraction (Cldtot)
compared to combined CloudSat and CALIPSO retrievals. Grid‐mean
cloud drop number concentration (CDNUMC) compared to AVHRR
data. Cloud top ice number concentration (CTNi). Cloud top effective
radii for liquid (CTRe l), and ice (CTRe i) compared to AVHRR
observations (liquid only). Grid‐mean ice water path (IWP) and grid‐
mean LWP compared to Moderate Resolution Imaging Spectroradiometer
and AVHRR data for liquid.
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Some Science Motivation – 2 

•  Cloud thermodynamic phase poorly 
characterized in observations and 
climate models 

•  e.g., Hu et al. (2010), JGR 

•  Recent work has shown importance of 
mid-latitude storm tracks in cloud-
climate feedback (Zelinka et al., 
2011, J. Clim. submitted) 
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Summary of New Version 6 Cloud Products 

•  Optimal estimation retrieval (post-processor) of:  
•  ice cloud effective diameter (De) 
•  ice cloud optical depth (OD) 
•  ice cloud top temperature (Tcld) 
•  cloud thermodynamic phase 

•  SARTA+D4S uses AIRS L2 inputs to define atmosphere, surface, and a priori 
•  single-layered cloud only; Baum et al. (2007) ice scattering models; 

~60 channels in 8–15 µm region 

•  Chi-squared fits (observed vs. simulated radiances) and scalar averaging 
kernels (AKs) >> “user friendly” Quality Control (Best, Good, and Bad) 

•  Retrievals on AIRS FOVs identified as possibly and likely containing ice 
(see previous talk by H. Jin) 
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Quality Control Flags 

•  Both OD and Tcld have Best, Good, and Bad indicators 

•  Best: chi-squared < 10 and AK > 0.8 
•  Good: chi-squared > 10 or AK < 0.8 
•  Bad: chi-squared > 10 and AK < 0.8 

•  De only has Good and Bad – the hardest parameter to retrieve 

•  Good: chi-squared < 10 and AK > 0.8 
•  Bad: chi-squared > 10 or AK < 0.8 

•  Quality control indicators are neither absolute nor quantitative 
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Example granule-scale retrievals and quality control 
 

September 6th, 2002, Granule #44 
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A mixture of cloud types and  
high scene complexity 

Tb @ 1231 cm–1 
No cloud, liquid, unknown,  

ice1, ice2, ice3, ice4 
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Quality Control Example for OD 
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Quality Control Example for De 
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Quality Control Example for TCLD 
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Zonal Averages/Standard Deviations of  
OD, De, and TCLD  

 
For January 2007 and June 2008 
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Zonal Averages/Standard Deviations for Jan 2007 
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Zonal Averages/Standard Deviations for June 2008 
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AIRS vs. CAM5 in the zonal mean 

AIRS    vs.     CAM5 

(Figure 13a) decreases by up to 10% at midlatitudes mostly
driven by decreases in longwave cloud forcing. In the
NUCALL simulation, temperature‐dependent thresholds for
initiating ice nucleation are removed, allowing homogenous
freezing and heterogeneous nucleation to potentially interact
at all temperatures below −35°C, instead of limiting het-
erogeneous freezing by a temperature and aerosol number
threshold following Liu et al. [2007], equation (10) (dust
only). There is little difference from the ICE case, thus the
parameterizations for heterogeneous and homogenous freez-
ing are mostly governed by their temperature‐dependent
process rates (as desired).
[58] In the ICLDF case, the ice cloud fraction (CFi)

is modified to fit an empirical formula for in‐cloud IWC
(ICIWC) as a function of temperature from Wang and
Sassen [2002], illustrated in Figure 6. If ice mass mixing
ratio (qi) and temperature (T) are prognostic, and ICIWC =
f(T) then a specified ICIWC provides a diagnostic ice cloud
fraction (CFi = qi/ICIWC(T)). The result is a 25%–40%
(relative) reduction in cloud fraction from the ICE case
(Figure 13b). This does not change the net cloud forcing
(Figure 13a), but decreases the magnitude of the longwave

Figure 12. Zonal mean distributions of key cloud ice and liquid properties from cases as discussed in the
text and in Table 2. CNTL: blue, ICE: green, FIXIN: yellow, ICEHI: red. Observations are shown in
black. (a) Net cloud radiative forcing compared to CERES observations. (b) Total cloud cover compared
to CloudSat/CALIPSO. (c) Column cloud drop number compared to AVHRR. (d) Cloud top ice number.
(e) Cloud top liquid effective radius compared to AVHRR and range of “C”lean and “P”olluted in situ
observations described by Gettelman et al. [2008]. (f) Cloud top ice effective radius. (g) Liquid water path
compared to AVHRR. (h) Ice water path. References for observations are described in the text.

Table 3. Global Annual Mean Values From Various Runsa

Simulation CNTL ICE FIXIN ICEHI OBS

CRF (Wm−2) −25.6 −27.5 −26.6 −26.8 −17.2 to −23.8
Cldtot (%) 59 60 60 53 71
CDNUMC (106 cm−2) 2.75 3.04 3.34 3.00 4.01
CTNi (L

−1) 62 22. 91 79.
CTRel (mm) 7.2 7.8 7.8 7.9 10.5
CTRei (mm) 21.1 35.6 19.4 26.3
LWP (g m−2) 46 51 54 48 64 to 155
IWP (g m−2) 10 14 13 11

aShown are total (shortwave + longwave) cloud radiative forcing (CRF)
compared to CERES and ERBE observations. Total cloud fraction (Cldtot)
compared to combined CloudSat and CALIPSO retrievals. Grid‐mean
cloud drop number concentration (CDNUMC) compared to AVHRR
data. Cloud top ice number concentration (CTNi). Cloud top effective
radii for liquid (CTRe l), and ice (CTRe i) compared to AVHRR
observations (liquid only). Grid‐mean ice water path (IWP) and grid‐
mean LWP compared to Moderate Resolution Imaging Spectroradiometer
and AVHRR data for liquid.
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Global joint histograms of AIRS retrievals 
 

For January 2007 and June 2008 
 

Divided into “Global”, “Tropical”, “NH Midlats”, “SH 
Midlats, “NH Polar”, and “SH Polar” 
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OD & De joint histograms for Jan 2007 

Global Tropical NH Midlat 

SH Midlat NH Polar SH Polar 
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OD & De joint histograms for June 2008 

Global Tropical NH Midlat 

SH Midlat NH Polar SH Polar 
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De & TCLD joint histograms for Jan 2007 

Global NH Midlat Tropical 

SH Midlat NH Polar SH Polar 
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De & TCLD joint histograms for June 2008 

Global NH Midlat Tropical 

SH Midlat NH Polar SH Polar 
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Pixel-scale comparisons of MODIS and AIRS  
OD and De 

 
For January 2007 and June 2008 
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MODIS (re) vs. AIRS (De) (daytime only) 
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MODIS vs. AIRS OD (daytime only) 
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Summary and discussion 

•  New cloud phase/ice cloud products show substantial promise for 
limited time periods 

•  “Arbitrary” quality control shows skill and leverages error/
information provided by retrieval methodology 

•  Tantalizing differences between day/night, land/ocean, winter/
summer, different latitude bands 

•  Zonal structure offers constraint on treatment of CAM5 ice 
microphysics 

•  Version 6 for entire AIRS mission will enable process-based studies/
composites of cloud microphysical properties 
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Present and future work 

•  Rigorous comparisons to MODIS cloud products 

•  Additional comparisons to TOVS, ISCCP, in situ data (when available) 

•  Extend to CrIS and IASI? 
 
•  Multi-layer cloud retrievals an issue 

•  A future idea: run retrieval concurrently with cloud-clearing during L2 
retrieval?  
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